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Summary
Purpose:  To  investigate  verbal  memory  after  epilepsy  surgery  both  group-wise  and  at  the  level  of
individual children,  and  to  assess  associations  with  side  of  surgery  and  removal  of  the  temporal
lobe.
Methods:  A  prospective  controlled  study  in  a  consecutive  sample  of  21  children  undergoing
epilepsy  surgery,  with  comprehensive  assessments  of  verbal  memory  before  surgery  and  six,
12 and  24  months  after  surgery.  For  each  patient,  two  age-  and  gender-matched  controls  were
tested at  similar  intervals.  Standardized  regression-based  (SRB)  analysis  was  applied  to  compare
post-surgical  change  in  individual  patients  with  change  in  controls.
Results:  Group-wise,  average  normed  scores  on  verbal  memory  tests  were  higher  after  epilepsy
surgery than  before,  corroborating  earlier  reports.  By  dint  of  empirically  based  SRB  analysis,
however,  considerable  individual  differences  in  post-surgical  change  were  revealed.  Children
with resections  that  included  the  left  temporal  lobe  functioned  signiﬁcantly  poorer  than  pre-
dicted on  the  basis  of  their  pre-surgical  performance.  In  contrast,  verbal  memory  performance
after surgery  was  consistent  with  pre-surgical  baseline  in  the  majority  of  children  with  resec-
tions that  spared  the  left  temporal  lobe.
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Conclusions:  Despite  cessation  of  epileptic  seizures,  verbal  memory  remains  vulnerable  in  chil-
dren who  required  surgery  including  the  left  temporal  lobe.  In  most  —  but  not  all  —  children  with
other types  of  surgery,  post-surgical  verbal  memory  is  consistent  with  their  individual  pre-surgical
base level.
©  2013  Elsevier  B.V.  All  rights  reserved.
(as might  be  concluded  if  child  B  obtains  score  #3  at  retest),
such  changes  in  normed  score  have  important  implications
for  counseling  of  parents  and  patients.
A  deﬁnite  answer  to  the  question  what  impact  surgery
per  se  has  on  a  particular  cognitive  function  would  require
a  randomized  controlled  trial  (RCT),  but  with  rare  excep-
tions  (Wiebe  et  al.,  2001)  ethical  considerations  preclude
such  research  designs,  especially  with  the  long  follow-up
that  is  necessary  to  assess  cognitive  outcome.  The  inclu-
sion  of  a  control  sample  of  epilepsy  patients  rejected  for
surgery  would  introduce  biases,  as  the  control  group  would
inevitably  differ  from  the  surgical  sample.  For  example,
Figure  1  Schematic  characterization  of  the  relation  between
raw and  normed  scores  during  development.  Shaded  areas
represent  scores  within  1  standard  deviation  (SD;  in  green),
between  1  and  2  SD  (yellow),  between  2  and  3  SD  (orange),  and
between  3  and  4  SD  (red)  from  average  development  (solid  black
line). Dashed  red  lines  represent  different  courses  that  lead  to
identical  scores  at  initial  assessment  (test;  i.e.,  shortly  before
epilepsy  surgery):  child  A  has  poor  but  steady  development  from
the beginning,  child  B  initially  has  average  development  but
then his  development  deﬂects.  At  initial  assessment,  both  chil-
dren score  2  SD  below  average  (this  would  mean  a  score  of  70
on the  Verbal  Memory  Index  of  the  Test  of  Memory  and  Learning
as used  in  the  present  study  —  see  below).  Dashed  green  line
represents  continued  development  at  2  SD  below  average.  Solid
blue lines  show  either  lower  raw  scores  at  retest  after  epilepsy
surgery  (#1),  unchanged  raw  scores  at  retest  after  epilepsyIntroduction
The  prognosis  of  verbal  memory  function  in  children  who  will
have  epilepsy  surgery  is  far  from  clear.  More  studies  have
reported  stability  than  decline  after  temporal  resection  (for
a  review,  see  Lah,  2004),  but  the  variety  of  methods  and
patient  selection  hampers  interpretation.  As  investigated
mainly  in  adults,  verbal  memory  outcome  after  epilepsy
surgery  is  inﬂuenced  by  a  large  number  of  factors,  includ-
ing  side  of  surgery  (Bell  et  al.,  2011;  Helmstaedter  et  al.,
2011;  Sherman  et  al.,  2011),  language  lateralization  (Binder
et  al.,  2008),  age  at  onset  of  epilepsy  (Binder  et  al.,  2008;
Dulay  and  Busch,  2012),  age  at  surgery  (Hermann  et  al.,
1995;  Baxendale  et  al.,  2006),  pre-surgical  memory  per-
formance  (Stroup  et  al.,  2003;  Baxendale  et  al.,  2006),
pre-surgical  hippocampal  volume  and  adequacy  (Dulay  and
Busch,  2012;  Stroup  et  al.,  2003),  and  mood  (Busch  et  al.,
2011).  In  children,  these  factors  and  their  interactions  may
be  different.  It  has  also  been  suggested  that  verbal  memory
may  be  vulnerable  after  extra-temporal  surgery  in  children
(Lah,  2004),  although  at  least  two  studies  that  included
children  with  extra-temporal  resections  have  found  no  evi-
dence  of  decline  (Lendt  et  al.,  2002;  Mabbott  and  Smith,
2003).
Assessment  of  post-surgical  cognitive  change  requires
recognition  of  and  account  for  factors  associated  with
repeated  testing,  such  as  test—retest  reliability,  regression
to  the  mean  and  practice  effects  (Duff,  2012).  Empiri-
cally  based  methods  such  as  the  calculation  of  Reliable
Change  Indices  (RCI)  and  standardized  regression-based
(SRB)  change  scores  are  considered  the  gold  standard  for
assessing  cognitive  change  after  surgery  (Sherman  et  al.,
2011).  These  methods  have  only  rarely  been  used  to  assess
verbal  memory  (before  and)  after  childhood  epilepsy  surgery
and  when  used  have  not  included  speciﬁc  correction  for
practice  effects  (Lendt  et  al.,  1999).
With  respect  to  children,  interpretation  of  changes  is  fur-
ther  complicated  by  developmental  effects:  whereas  adult
age  norms  are  often  fairly  stable  over  retest  intervals  of
up  to  10  years,  in  children  development  of  cognitive  func-
tion  means  that  age  norms  typically  increase,  often  rapidly.
Hence,  in  adults  lower  age-normed  scores  at  retest  gen-
erally  mean  that  raw  scores  were  lower  as  well  (and  vice
versa,  except  with  older  populations  or  very  long  follow-up).
In  children  on  the  other  hand,  lower  age-normed  scores  at
retest  may  be  derived  from  either  lower,  unchanged  or  even
higher  raw  scores  than  at  initial  assessment  (Fig.  1).  Even  in
the  latter  case,  of  a  higher  raw  score,  a  lower  age-normed
score  at  retest  indicates  that  the  child  has  fallen  (further)
behind  his  peers,  due  to  lesser  development  over  the  retest
interval.  Whether  a  lower  age-normed  score  is  the  result  of
surgery  (as  might  be  concluded  for  child  A  in  Fig.  1)  or  sim-
ply  the  continuation  of  a  previously  deﬂected  development
surgery  (#2)  or  higher  raw  scores  at  retest  i.e.  after  epilepsy
surgery  (#3;  this  continues  the  trajectory  of  child  B  prior  to  ini-
tial assessment).  Note  that  in  all  three  cases  the  score  at  retest
is considerably  more  than  2  SD  below  average.
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ejected  surgical  candidates  more  often  have  bilateral,  mul-
ifocal  or  diffuse  pathology  (Skirrow  et  al.,  2011).  The  same
roblem  applies  to  other  non-surgical  control  samples  of
pilepsy  patients,  such  as  ‘epilepsy  only’  patients,  who
enerally  respond  well  to  pharmacological  monotherapy
Geerts  et  al.,  2010).  The  most  common  design  in  previous
tudies  consists  of  simple  pre-  and  post-surgical  measure-
ents  where  the  patients  are  effectively  their  own  controls
Lah,  2004),  yet  such  designs  cannot  properly  account  for
he  effects  of  repeated  testing,  nor  can  they  distinguish
etween  effects  of  surgery  and  other  factors  that  may  affect
ognitive  function,  such  as  the  epilepsy  itself  or  the  under-
ying  pathology.
We  focused  on  ‘cleaning’  change  in  normed  verbal  mem-
ry  scores  after  surgery  by  correction  for  repeated  testing.
o  this  end  we  performed  a  prospective  controlled  study
n  a  consecutive  sample  of  children  undergoing  epilepsy
urgery.  Testing  each  patient  shortly  before  and  three  times
fter  surgery  over  a  time  interval  of  two  years,  we  investi-
ated  post-surgical  change  from  baseline  using  standardized
egression-based  (SRB)  analysis  (calculated  from  scores  in
ealthy,  age-  and  gender-matched  controls)  in  individual
atients  (McSweeny  et  al.,  1993;  Duff,  2012).  The  two  main
uestions  of  the  study  were:  (1)  how  does  verbal  mem-
ry  change  after  epilepsy  surgery  in  children,  compared  to
evelopment  in  matched  healthy  controls?  (2)  Are  there  any
peciﬁc  groups  whose  change  (for  better  or  for  worse)  in
erbal  memory  deviates  from  pre-surgical  baseline,  both  as
ompared  to  other  patients  and  as  compared  to  healthy  con-
rols?  In  particular,  do  children  with  resections  that  include
he  left  temporal  lobe  differ  from  children  whose  surgery
pares  the  left  temporal  lobe?
ethods
ubjects
hildren  were  included  between  September  2007  and
ctober  2009  if  they  were  accepted  as  candidates  for
pilepsy  surgery  and  operated  upon  below  the  age  of  19
ears.  We  now  report  on  all  21  children  who  were  able  to  par-
icipate  in  the  comprehensive  assessment  of  verbal  memory
efore  surgery  (T0);  all  children  also  completed  assessments
t  approximately  six  (T1),  12  (T2)  and  24  months  (T3)  after
urgery  (see  Table  1  for  demographic  and  epilepsy  charac-
eristics  of  the  patients).  To  correct  for  effects  of  repeated
esting,  two  control  children  —  without  a  history  of  neu-
ological  injury  or  disease  and  matched  to  the  patient  for
ge  and  gender  —  were  assessed  at  the  same  intervals  with
he  same  assessment  protocol  as  the  patient.  Controls  were
ecruited  from  regular  schools  with  populations  from  diverse
ocioeconomic  backgrounds.  Parents  of  all  children  and  also
ll  participants  above  the  age  of  12  years  provided  writ-
en  informed  assent.  The  institutional  review  board  of  the
niversity  Medical  Center  Utrecht  approved  the  study.
ssessment  protocolest  selection  was  guided  by  the  task  requirement  to  retain
r  recall  verbal  information  and  sampled  as  wide  a  range
f  such  tasks  as  feasible,  thus  including  some  tests  not
e
t
d
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peciﬁcally  sensitive  to  left  temporal  damage.  The  Test  of
emory  and  Learning,  second  edition  (TOMAL-2,  Reynolds
nd  Voress,  2007; Dutch  translation  by  JM  and  AJ-S)  is  suit-
ble  for  use  with  children  from  the  age  of  ﬁve  years  and  has
ufﬁcient  reliability  and  validity  (Alexander  and  Mayﬁeld,
005;  Thaler  et  al.,  2011;  McCauley  et  al.,  2012).  Verbal
emory  was  assessed  using  eight  sub-tests  of  the  verbal
cale  of  the  TOMAL-2:  Memory  for  Stories,  Word  Selective
eminding,  Object  Recall,  Paired  Recall,  Memory  for  Stories
elayed,  Word  Selective  Reminding  Delayed,  Digits  Forward
nd  Digits  Backward.  The  ﬁrst  four  sub-tests  together  yield
 Verbal  Memory  Index  (VMI),  which  we  also  report.
In  addition,  we  administered  Picture  Naming  and  Con-
rolled  Oral  Word  Production,  which  are  often  applied  to
robe  memory  outside  their  use  in  the  assessment  of  lan-
uage  disorders  (Messas  et  al.,  2008;  Rzezak  et  al.,  2011;
ace  and  Verfaellie,  2012).  See  Supplementary  Methods  1
or  descriptions  of  the  memory  tests.
To  detect  effects  of  changes  in  verbal  cognition  not
peciﬁcally  related  to  but  possibly  inﬂuencing  memory
cores  we  administered  the  verbal  parts  of  age-appropriate
ntelligence  tests  and  report  —  under  the  heading  of  Ver-
al  Cognition  —  Verbal  Intelligence  Quotient  (IQ)  (Wechsler
ntelligence  Scale  for  Children;  Wechsler,  2002;  Dutch  man-
al  Kort  et  al.,  2005) or  Crystallized  IQ  (Kaufman  Adult  and
dolescent  Intelligence  Test;  Kaufman  and  Kaufman,  1993;
utch  adaptation  Mulder  et  al.,  2004).
Raw  scores  were  converted  to  standard  scores  (mean
00  and  standard  deviation  15  for  the  composites  VMI  and
erbal  Cognition;  mean  10  and  standard  deviation  3  for  all
ther  dependent  variables)  using  age-appropriate  norms  to
ccount  for  developmental  change.
ata  analysis
tatistical  analysis  was  performed  with  R  x64  version  2.14
R  Development  Core  Team,  2011)  and  the  packages  ‘MASS’
Venables  and  Ripley,  2002)  and  ‘ez’  (Lawrence,  2012).
or  each  dependent  variable,  we  used  three  different
pproaches  to  answer  three  different  questions  at  the  group
evel  (i.e.,  one  approach  per  question):  (1)  repeated  meas-
res  analysis  of  variance  was  used  to  study  change  of  group
eans  in  patients  and  controls  separately,  in  order  to  facil-
tate  comparison  with  previous  uncontrolled  investigations;
2)  Group  (patient  vs.  control)  ×  Time  (T0,  T1,  T2,  T3)
nteraction  p-values  were  determined  in  order  to  identify
igniﬁcant  group  differences  in  course; and  (3)  independent-
ample  t-tests  were  used  to  check  differences  in  group
eans  of  patients  and  controls.
To  correct  for  changes  in  normed  scores  that  reﬂect
ffects  of  repeated  testing,  standardized  regression-based
SRB)  analysis  of  change  (McSweeny  et  al.,  1993)  was  applied
o  VMI  scores.  VMI  was  chosen  because  as  a  composite  it  pro-
ides  an  overview  of  verbal  memory  function,  but  SRB  results
or  all  sub-tests  are  presented  in  Supplementary  Figure  1.
n  SRB  analysis  a  patient’s  score  —  whose  normed  scores
ay  change  due  not  only  to  measurement  error  and  practice
ffects  but  ﬁrst  and  foremost  to  disease  or  medical  interven-
ion  —  is  predicted  using  a  regression  model  ﬁtted  on  pooled
ata  from  a  control  group  —  in  which  changes  in  normed
core  are  expected  to  reﬂect  only  measurement  error  and
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Table  1  Demographic  and  epilepsy  characteristics  of  patients.
Pt.  Gender  Age  at
onset
Age at
surgery
Side Surgery  Etiology  Seizure
frequencya
Post-surgical  seizure
outcomeb
Hand
preferencec
T0 T1 T2  T3  Language
supportd
T0 T0—T1 T1—T2 T2—T3
p004  f  2;6 8;1 L Functional  hemispherectomy
incl. AHC
Post-ischemic
damage
>1/month I  I I  Left  2 n.a.e n.a.e 1  n.a.
p032  m  4;6 10;5 L ATR  + AHC  +  laesionectomy Cavernoma  >1/month  I  IIIa  I  Right  1 1 1  2  Left
p020  f  8;10 11;4 L ATR  + AHC  +  laesionectomy Ganglioglioma  Variable I  I I  Right  1 1 0  0  Left
p008  f  8;2 15;0 L ATR  + AHC  +  laesionectomy DNET  >1/year  I  I I  Right  2 2 2  1  Left
p029  m  8;6 15;7 L ATR  + AHC  +  laesionectomy Ganglioglioma  >1/week  I  I I  Right  1 1 1  1  Left
p015  f  3;6 15;10 L ATR  + AHC MTS  >1/day  I  I I  Right  4 4 3  2  Left
p018  f  13;11 16;1 L ATR  + AHC  +  laesionectomy DNET  +  CD >1/day  I  I I  Right  2 2 2  0  Left
p028  f  8;6 12;8 L Frontal  laesionectomy FCD  1B >1/week  IVc IVc IVa Left  3 3 3  3  Left
p024  m  1;10 13;6 L Frontal  laesionectomy FCD  2B >1/hour  IVb  IVb IVb  Right  2 2 3  3  Left
p026  f  0;6 13;10 L Frontal  laesionectomy FCD  2B >1/week  I  I I  Left  2 2 2  1  Right
p039  m  4;8  8;1  L  Central  laesionectomy  Ganglioglioma  >1/day  I  I I  Left  3 3 1  0  n.a.
p027  f  11;9  12;8  L  Resection  of  epileptic  focus
near  central  sulcus
None >1/day  I  I I  Right  3 3 2  1  n.a.
p003  f  3;6  15;9  L  Parietal  laesionectomy  FCD  2B >1/week  IVb  IVb IVb  Right  3 3 3  4  n.a.
p006  f  13;5  17;3  L  Parietal  laesionectomy  Low-grade  glioma  >1/week  I  I I  Right  2 2 2  0  n.a.
p033  m  2;2  14;7  R ATR  + AHC  MTS  >1/week  I  I I  Right  1 1 1  0  Left
p023  f  9;6  15;1  R ATR  + AHC  MTS  >1/day  I  I I  Right  2 2 2  1  Left
p005  m  14;0  17;2  R ATR  + AHC  +  laesionectomy  Low-grade  glioma  >1/day  I  I I  Right  2 1 0  0
p038  m  10;9  12;2  R Frontal  laesionectomy  DIG  >1/month  I  I I  Right  1 1 1  0  n.a.
p016  f  12;9  18;1  R Frontal  laesionectomy  Brain  trauma  >1/day  I  I I  Right  3 3 3  1  Left
p035  f  9;7  11;1  R Central  laesionectomy  DNET  >1/week  I  I I  Left  2 2 1  0  Left
p012  m  0;9  17;2  R Posterior  TR (no  AHC)  Low-grade  glioma  >1/week  I  I I  Right  1 1 1  1  n.a.
T0, assessment shortly before epilepsy surgery; T1, assessment six months after surgery; T2, assessment 12 months after surgery; T3, assessment 24 months after surgery; Pt., patient; n.a.,
not available; f, female; m, male; L, left; R, right; ATR, anterior temporal resection; AHC, amygdalohippocampectomy; TR, temporal resection; DNET, dysembryoplastic neuroepithelial
tumor; MTS, mesial temporal sclerosis; CD, cortical dysplasia; FCD, focal cortical dysplasia; DIG, desmoplastic infantile ganglioglioma.
a Average seizure frequency estimated from information provided by caregivers, categorized as (from lowest to highest) once per year/month/week/day/hour; note that >1/year implies
less than once per month.
b Classiﬁcation according to Engel et al. (1993), but applied over the relevant period.
c Hand preference as observed during pre-surgical neuropsychological assessment.
d Hemisphere dominant for language support, as determined by intra-carotid sodium amytal test, sub-dural grid stimulation and/or intra-operative cortical stimulation.
e Information not provided by caregivers.
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ractice  effects  —,  in  this  case  healthy  controls.  This  pre-
icted  score  is  compared  to  the  patient’s  actual  score  (Duff,
012).
Regression  models  were  ﬁtted  —  separately  for  each
ssessment  (T1,  T2,  and  T3)  —  on  the  healthy  control  data,
sing  stepwise  forward  model  selection  based  on  Akaike’s
nformation  Criterion.  For  each  model  ﬁt,  the  initial  model
onsisted  of  only  the  intercept  and  the  baseline  (T0)  score
n  the  corresponding  dependent  variable.  Additional  pre-
ictors  tested  during  model  selection  were:  gender,  age
t  pre-surgical  assessment,  hand  preference,  time  between
re-surgical  and  post-surgical  assessment,  and  pre-surgical
erbal  Cognition.  To  ensure  that  observed  changes  were
peciﬁc  to  verbal  memory  rather  than  verbal  cognition  gen-
rally,  SRB  scores  for  Verbal  Cognition  —  i.e.,  the  degree
o  which  Verbal  Cognition  scores  had  changed  from  baseline
 were  also  included  in  the  model.  Hence,  three  separate
egression  equations  were  obtained  per  dependent  variable
i.e.,  one  each  for  T1,  T2  and  T3),  in  each  case  with  the
core  at  T0  as  the  baseline  score  (all  SRB  equations  are  listed
n  Supplementary  Results  1).  The  SRB  score  then  refers  to
he  z-value  of  the  difference  between  the  predicted  score
nd  the  actual  score,  based  on  the  SEE  (the  standard  error
f  the  estimate  of  the  regression  model).  For  assessment
f  change  in  VMI  in  individual  patients,  a  95%-conﬁdence-
nterval  was  applied  with  Bonferroni  correction  for  multiple
omparisons.  Using  this  criterium,  a  SRB  score  with  an  abso-
ute  value  >2.39  was  statistically  signiﬁcant.
It  is  important  to  note  that  since  the  regression  predic-
ion  takes  into  account  the  baseline  score,  change  in  the
atient  is  in  effect  compared  with  the  expected  change
iven  his  or  her  own  level  of  functioning.  Hence,  if  chil-
ren  with  a  lower  level  of  functioning  may  be  expected  to
how  smaller  practice  effects,  the  SRB  analysis  will  predict
maller  increases  in  observed  normed  scores.  This  procedure
ay  require  extrapolation  for  poorer  scores  than  found  in
he  control  group.
To  investigate  association  of  SRB  scores  for  VMI  with
emographic  (gender,  age,  handedness),  clinical  (resection
f  the  left  temporal  lobe;  age  at  onset  of  epilepsy;  number
nd  reduction  of  anti-epileptic  drugs),  and  neuropsycholo-
ical  (pre-surgical  VMI  and  Verbal  Cognition)  variables,  we
alculated  two-sided  Mann—Whitney  U  tests  for  nominal
atient  variables  and  Spearman’s  rank  correlation  coefﬁ-
ient  for  ordinal  patient  variables.  All  p-values  —  including
hose  for  interpretation  of  SRB  scores  —  were  Bonferroni-
orrected  for  multiple  comparisons  except  where  not
pplicable  (indicated  as  ‘uncorrected’).
esults
roup-wise  changes  in  patients
esults  of  group  analyses  are  summarized  in  Table  2.
epeated  measures  analysis  revealed  a  signiﬁcant  effect
f  Time  for  VMI  [F(3,  60)  =  3.15,  p  =  0.03].  Post  hoc  tests
howed  that  patients  scored  signiﬁcantly  higher  two  years
fter  surgery  (T3)  than  pre-operatively  (T0)  [F(1,  60)  =  8.07,
 =  0.04]  but  that  at  T1  and  T2  there  was  no  signiﬁcant  differ-
nce  with  the  pre-surgical  score  [T1:  F(1,  60)  =  0.17,  p  =  1;
o
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2:  F(1,  60)  =  1.61,  p  =  1].  No  signiﬁcant  change  in  Verbal
ognition  was  observed  [F(3,  60)  =  1.14,  p  =  0.34].
Score  increases  on  the  TOMAL  sub-tests  Memory  for
tories  [F(3,  60)  =  2.49,  p  =  0.07],  Word  Selective  Reminding
F(3,  60)  =  1.75,  p  =  0.17]  and  Object  Recall  [F(3,  60)  = 1.53,
 = 0.22]  were  not  signiﬁcant,  but  a  signiﬁcant  effect  of  Time
as  observed  on  Paired  Recall  [F(3,  60)  =  4.70,  p  =  0.005].
ost  hoc  tests  demonstrated  that  Paired  Recall  was  signiﬁ-
antly  better  at  T3  than  at  T0  [F(1,  60)  =  11.91,  p  =  0.006],
hough  at  T1  and  T2  there  was  no  signiﬁcant  difference  with
he  pre-surgical  assessment  (T1:  F(1,  60)  =  1.21,  p  =  1;  T2:
(1,  60)  =  6.60,  p  =  0.08).
A main  effect  of  Time  was  observed  on  Memory  for
tories  Delayed  [F(3,  57)  =  4.89,  p  =  0.004],  with  post  hoc
ests  again  indicating  a  signiﬁcant  difference  between  T0
nd  T3  [F(1,  57)  =  10.96,  p  =  0.01]  but  not  between  T0  and
he  earlier  post-surgical  assessments  [T1:  F(1,  57)  =  0.25,
 = 1;  T2:  F(1,  57)  =  5.80,  p  =  0.12].  Patients  showed  no  sig-
iﬁcant  changes  on  Word  Selective  Reminding  Delayed  [F(3,
7)  =  1.35,  p  =  0.27].
Neither  Digits  Forward  [F(3,  60)  =  0.59,  p  =  0.62]  nor
igits  Backward  [F(3,  60)  =  0.56,  p  =  0.65]  revealed  signiﬁ-
ant  changes.
Of  the  tests  drawing  more  on  semantic  than  on  episodic
emory,  Picture  Naming  did  not  show  signiﬁcant  changes
F(3,  54)  =  2.65,  p  =  0.06],  but  a  signiﬁcant  main  effect  of
ime  was  observed  on  the  Controlled  Oral  Word  Production
est  [F(3,  39)  = 13.33,  p  =  0.008].  Post  hoc  tests  demon-
trated  a  signiﬁcant  score  increase  between  T0  and  T3  [F(1,
9)  =  13.33,  p  =  0.005]  but  not  between  T0  and  the  ﬁrst  or
econd  post-surgical  assessment  [T1:  F(1,  39)  =  1.90,  p  =  1;
2:  F(1,  39)  =  3.79,  p  =  0.35].
roup-wise  changes  in  controls:  comparison  with
atients
ontrols  scored  signiﬁcantly  better  than  patients  on  most
ests,  both  at  baseline  and  at  re-assessment  (see  Table  2).
ontrols  also  showed  signiﬁcant  increases  in  normed  score
n  all  tests  where  signiﬁcant  increases  were  found  in
atients,  as  well  as  on  four  others:  Memory  for  Stories
F(3,  108)  =  6.45,  p  <  0.001],  Object  Recall  [F(3,  108)  =  10.05,
 < 0.001],  Picture  Naming  [F(3,  108)  =  5.78,  p  =  0.001],  and
erbal  Cognition  [F(3,  108)  =  13.81,  p  <  0.001].  However,
lthough  effect  sizes  for  the  Time  factor  were  generally
arger  in  controls  than  in  patients,  only  for  Word  Selec-
ive  Reminding  Delayed  recall,  interaction  between  Time
nd  Group  was  signiﬁcant  [F(3,  165)  =  3.00,  p  =  0.03],  with
cores  tending  to  decrease  in  patients  and  to  increase  in
ontrols.  Hence,  pre-surgical  differences  between  patients
nd  controls  were  apparent,  but  thereafter  the  group  anal-
sis  did  not  distinguish  the  memory  trajectories  of  patients
nd  controls  (with  the  exception  of  one  sub-test  result).
RB  analysis  of  Verbal  Memory  Index  (VMI)
he  SRB  analysis  of  VMI  after  surgery,  using  equations  based
n  data  from  the  controls,  yielded  SRB  scores  hovering
round  zero  in  most  patients  (Fig.  2).  However,  despite
he  observed  increases  in  uncorrected  VMI  (Table  2),  SRB
nalysis  revealed  that  in  a  subset  of  patients,  particularly
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Table  2  Group  analyses  of  main  (VMI,  in  bold)  and  supplementary  verbal  memory  scores  —  mean  (sd).
Measure  N Generalized  2 Assessment  p
T0 T1 T2 T3
VMI  (Verbal  Memory  Index) Pts  21 0.032* 89  (17) 90  (15) 93 (20) 97 (17)*
Ctrls  42 0.134*** 108  (12) 113  (11)* 116 (9)*** 118  (8)***
*** *** *** *** n.s.
Memory  for  Stories Pts 21  0.029  8.0  (2.1) 8.8  (2.8) 9.4  (3.4) 9.0 (3.5)
Ctrls 42  0.063*** 11.4  (2.2) 12.2  (2.4) 12.4 (2.3) 13.1 (1.5)***
*** *** ** *** n.s
Word  Selective  Reminding Pts  21  0.031  n.s. 9.9 (2.9) 9.1  (2.6) 8.9  (3.3) 10.1 (3.0)
Ctrls 42  0.011  n.s. 11.4 (2.8) 11.8  (2.0) 12.0 (2.2) 12.1 (2.1)
*** ** * n.s.
Object  Recall Pts  21  0.022  n.s. 7.8 (2.9) 7.7  (3.0) 7.9  (3.2) 8.8 (3.3)
Ctrls 42  0.099*** 9.9  (3.0) 10.8  (2.7) 11.6 (2.6)** 12.1 (2.2)***
* *** *** ** n.s.
Paired  Recall Pts 21  0.055** 7.9  (3.9) 8.6  (3.5) 9.5  (3.9) 10.1 (3.2)**
Ctrls 42  0.111*** 12.0  (2.0) 12.8  (1.6) 13.4 (1.3)*** 13.5 (1.2)***
*** *** *** *** n.s.
Memory  for  Stories  Delayed Pts  20  0.069** 8.2  (2.3) 8.4  (2.8) 9.4  (2.2) 9.8 (2.8)**
Ctrls 40  0.137*** 11.1  (2.4) 11.9  (2.3) 12.8 (2.2)*** 13.4 (1.6)***
*** *** *** *** n.s.
Word  Selective  Reminding  Delayed  Pts  20  0.027  n.s.  8.9  (2.5)  7.7 (3.4)  8.0 (2.8)  7.8  (3.1)
Ctrls 40  0.023  n.s.  8.7  (2.4)  9.1 (2.5)  9.5 (2.4)  9.8  (2.3)
* 0.03
Digits  Forward Pts  21  0.006  n.s. 7.3 (2.6) 7.1  (3.0) 7.6  (2.8) 7.7 (2.8)
Ctrls 42  0.003  n.s. 8.8 (2.4) 9.1  (2.5) 8.9  (2.7) 9.4 (2.6)
n.s.
Digits Backward Pts  21  0.007  n.s. 10.1 (3.4) 9.7  (2.4) 9.8  (2.6) 9.5 (2.7)
Ctrls 42  0.002  n.s. 10.6 (2.4) 10.6  (2.8) 10.4 (2.7) 10.6 (2.8)
n.s.
Picture Naming Pts 19  0.003  n.s. 6.1 (4.6) 6.4  (5.0)  7.7 (5.3)  7.9  (5.1)
Ctrls 38  0.058** 12.2  (3.2) 12.8  (3.9) 14.2 (3.0)** 14.2 (4.0)*
*** *** *** *** n.s.
Controlled  Oral  Word  Production Pts  14  0.073** 9.9  (4.1)  11.1 (4.4)  11.6  (4.3)  13.1 (4.2)**
Ctrls 28  0.135*** 10.8  (3.1)  12.4 (4.1)*** 13.4  (4.1)*** 14.5 (3.6)***
n.s.
Verbal  Cognition  Pts  21  0.004  84  (20)  85  (18)  86 (17)  87  (18)
Ctrls 42  0.040*** 108  (13)  112 (14)*  114 (13)*** 114 (12)***
*** *** *** *** n.s.
Generalized 2 (Bakeman, 2005; Olejnik and Algina, 2003) is an effect size estimate for the within-subject effect of Time, presented to allow better comparison of effects of Time in
patients and controls. Marks in this column refer to signiﬁcance of the Time effect in the repeated measures analysis of variance in the respective group. Assessments: T0, before surgery;
T1, six months after surgery; T2, 12 months after surgery; T3, 24 months after surgery. Marks below data lines refer to signiﬁcance of differences between patients (Pts) and controls
(Ctrls), marks beside values refer to signiﬁcance of post hoc tests of the difference with the ﬁrst measurement (T0). n.s. = not statistically signiﬁcant. Last column gives the p-value of
the interaction between Group (patients vs. controls) and Time (T0, T1, T2, T3), where signiﬁcant.
* p < 0.05.
** p < 0.01.
*** p < 0.001.
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Figure  2  SRB  analysis  of  VMI  scores  after  surgery.  Bars  represent  individual  patients’  SRB  scores  for  assessments  6  months  after
surgery (T1),  12  months  after  surgery  (T2)  and  24  months  after  surgery  (T3).  Negative  SRB  scores  (deviation  to  the  left,  reddish
hues) indicate  verbal  memory  function  that  is  poorer  than  predicted  from  pre-surgical  performance;  positive  SRB  scores  (deviation
to the  right,  bluish  hues)  indicate  verbal  memory  function  that  is  better  than  predicted  from  pre-surgical  performance.  Dashed
lines represent  signiﬁcance  thresholds  (z  ±  2.39,  i.e.,  two-tailed  corrected  p  <  0.05).  *  this  is  the  only  patient  in  the  cohort  with  a
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cemporal resection  without  hippocampectomy.
hose  with  left  temporal  resections,  ‘true’  VMI  did  decrease
fter  surgery.  In  fact,  SRB  scores  in  the  group  of  patients
ith  resections  that  included  the  left  temporal  lobe  were
orse  at  T1  (Mann—Whitney  U  =  92,  p  =  0.002,  r  =  0.71)  and
t  T2  (Mann—Whitney  U  =  90,  p  =  0.003,  r  = 0.67)  than  in
he  group  of  patients  with  other  resections,  though  at  T3
he  difference  was  no  longer  signiﬁcant  (Mann—Whitney
 =  76,  p  =  0.14,  r  =  0.37).  Since  left  functional  hemispherec-
omy  includes  resection  or  disconnection  of  amygdala  and
ippocampus,  we  initially  included  this  patient  (p004)
ithin  the  left  temporal  resection  group.  Excluding  the
emispherectomy  case  from  the  analysis,  however,  did
ot  change  these  results  (T1:  Mann—Whitney  U  =  78,
 =  0.004,  r  =  0.66;  T2:  Mann—Whitney  U  =  76,  p  =  0.01,
 =  0.61;  T3:  Mann—Whitney  U  =  62,  p  =  0.33,  r  =  0.28),  nor
id  reanalyzing  the  data  with  the  left  hemispherectomy
ase  classiﬁed  as  a  left  extra-temporal  resection  (T1:
ann—Whitney  U  =  82,  p  =  0.007,  r  =  0.62;  T2:  Mann—Whitney
 =  78,  p  =  0.03,  r =  0.52;  T3:  Mann—Whitney  U  = 62,  p =  0.62,
 =  0.18).  Excluding  left-handed  patients  without  conﬁrmed
eft-hemispheric  language  dominance  (p004,  p026  and  p039)
lso  did  not  change  the  results  (T1:  Mann—Whitney  U  =  68,
 =  0.004,  r  =  0.71;  T2:  Mann—Whitney  U  =  67,  p  =  0.006,
 =  0.68;  T3:  Mann—Whitney  U  =  52,  p  =  0.45,  r  =  0.24).There  were  no  signiﬁcant  associations  between  pre-
urgical  VMI  and  SRB  scores  (T1:  Spearman  rank  correlation
 =  1421.69,    =  0.08,  p  =  1;  T2:  Spearman  rank  correlation
 =  1197.11,    =  0.22,  p  =  1;  T3:  Spearman  rank  correlation
o
T
p
r =  897.33,    =  0.42,  p  =  0.18)  or  between  pre-surgical  Ver-
al  Cognition  and  SRB  scores  (T1:  Spearman  rank  correlation
 =  1557.02,    =  −0.01,  p  =  1;  T2:  Spearman  rank  correlation
 =  1497.96,    =  0.03,  p  =  1;  T3:  Spearman  rank  correla-
ion  S  =  1083.56,    =  0.30,  p  =  0.58).  Before  surgery  neither
atients  with  resections  limited  to  the  left  temporal  lobe
Mann—Whitney  U  =  46.5,  p  =  0.88  (uncorrected)],  nor  all
atients  whose  surgery  included  the  left  temporal  lobe
Mann—Whitney  U  =  33,  p  =  0.33  (uncorrected),  r  =  0.07]  per-
ormed  differently  from  other  patients.  To  further  verify
hat  our  results  were  not  simply  due  to  poor  pre-surgical
erbal  memory  in  patients  with  left  temporal  resections,  we
xcluded  all  patients  with  pre-surgical  VMI  <  80  (i.e.,  lower
han  found  in  healthy  controls).  Again,  SRB  scores  in  patients
ith  left  temporal  resections  were  signiﬁcantly  worse  than
n  patients  with  other  resections  at  T1  (Mann—Whitney
 =  52,  p  =  0.01,  r  =  0.68)  and  T2  (Mann—Whitney  U  =  52,
 = 0.01,  r  =  0.68),  but  not  at  T3  (Mann—Whitney  U  = 47,
 = 0.08,  r  =  0.48).  Finally,  visual  inspection  of  SRB  scores
or  sub-tests  (Supplementary  Figure  1)  also  supported  the
reater  vulnerability  of  verbal  memory  in  patients  with  left
emporal  resections.
Patients  who  were  seizure  free  did  not  have  signiﬁ-
antly  better  SRB  scores  than  those  who  had  recurrence
f  seizures  after  surgery  (T1:  Mann—Whitney  U  =  28,  p  =  1;
2:  Mann—Whitney  U  =  26,  p  =  1;  T3:  Mann—Whitney  U  =  19,
 = 1).  Excluding  patients  with  post-surgical  seizure  recur-
ence  did  not  change  the  associations  between  left  temporal
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surgery  and  worse  SRB  scores  (T1:  Mann—Whitney  U  =  74,
p  =  0.001,  r  =  0.78;  T2:  Mann—Whitney  U  =  62,  p  =  0.006,
r  =  0.70;  T3:  Mann—Whitney  U  =  63,  p  =  0.08,  r  =  0.46).
Neither  number  of  anti-epileptic  drugs  (AEDs;  T1:  Spear-
man  rank  correlation  S  =  1173.24,    =  0.24,  p  =  0.90;  T2:
Spearman  rank  correlation  S  =  1544.63,    = 0.00,  p  =  1;  T3:
Spearman  rank  correlation  S  =  2297.18,    =  −0.49,  p  =  0.07)
nor  reduction  in  number  of  AEDs  (i.e.,  number  of  AEDs
at  post-surgical  assessment  minus  number  of  AEDs  at
pre-surgical  assessment;  T1:  Spearman  rank  correlation
S  =  1881.21,    =  −0.22,  p  =  1;  T2:  Spearman  rank  correlation
S  =  1530.43,    =  0.01,  p  =  1;  T3:  Spearman  rank  correlation
S  =  845.55,    =  0.45,  p  =  0.12)  were  signiﬁcantly  associated
with  SRB  scores.  However,  at  T3  (the  only  time  point  where
a  signiﬁcant  proportion  of  children  was  free  of  medica-
tion)  children  who  continued  to  use  AEDs  had  worse  SRB
scores  than  those  who  had  all  medication  withdrawn  [U  =  19,
p  =  0.016  (uncorrected),  r  =  0.47].  There  was  no  signiﬁcant
association  between  age  at  surgery  and  SRB  scores  (T1:
Spearman  rank  correlation  S  =  924,    =  0.40,  p  =  0.22;  T2:
Spearman  rank  correlation  S  =  1070,    =  0.18,  p  =  0.53;  T3:
Spearman  rank  correlation  S  =  1620,    =  −0.05,  p  =  1),  nor
between  age  at  onset  of  epilepsy  and  SRB  scores  (T1:
Spearman  rank  correlation  S  =  1145.87,    =  0.26,  p  =  0.79;
T2:  Spearman  rank  correlation  S  =  1074.85,    =  0.30,  p  =  0.55;
T3:  Spearman  rank  correlation  S  =  1270.91,    =  0.17,  p  =  1),
between  gender  and  SRB  scores  (T1:  Mann—Whitney  U  =  49,
p  =  1;  T2:  Mann—Whitney  U  =  51,  p  =  1;  T3:  Mann—Whitney
U  =  63,  p  =  1),  or  between  handedness  and  SRB  scores  (T1:
Mann—Whitney  U  =  30,  p  =  1;  T2:  Mann—Whitney  U  =  33,  p  =  1;
T3:  Mann—Whitney  U  =  40,  p  =  1).
Rerunning  all  VMI  analyses  with  SRB  scores  uncorrected
for  changes  in  Verbal  Cognition  (i.e.,  VC  SRB  score)  yielded
virtually  identical  results.
Discussion
This  prospective  cohort  study  of  epilepsy  surgery  in  child-
hood  demonstrated  that  at  the  group  level,  age-normed
scores  on  a  wide  range  of  verbal  memory  tests  were  higher
after  surgery  than  before.  Following  these  group-wise  anal-
yses,  we  would  have  concluded  that  the  present  study  —
with  more  systematic  data  collection  and  longer  follow-up
than  previous  studies  (Mabbott  and  Smith,  2003;  Lah,  2004;
Jambaqué  et  al.,  2007)  —  conﬁrms  that,  in  general,  epilepsy
surgery  in  children  does  not  harm  verbal  memory.
However,  the  current  gold  standard  for  analysis  of
changes  in  cognition  after  epilepsy  surgery  requires  that  an
empirically  based  method  for  assessing  individual  change  be
applied  (Sherman  et  al.,  2011).  SRB  analysis  in  individual
patients  (based  on  data  from  healthy  peers)  of  a  composite
index  of  verbal  memory  (VMI)  revealed  considerable  varia-
tion  in  post-surgical  course.
Many  patients  followed  a  course  that  was  consistent  with
their  pre-surgical  performance,  indicating  that  effects  of
repeated  testing  did  not  mask  a  decline  in  ‘true’  (i.e.,
corrected  for  retesting)  normed  scores.  In  a  minority  of
patients,  on  the  other  hand,  signiﬁcantly  negative  SRB  scores
were  observed.  Children  whose  left  temporal  lobe  was
included  in  the  resection  were  most  likely  to  have  signiﬁ-
cantly  negative  SRB  scores  (in  four  out  of  six  patients  at  two
t
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r  three  time  points).  Moreover,  their  SRB  scores  were  sig-
iﬁcantly  lower  than  those  of  children  with  other  types  of
urgery  both  six  and  twelve  months  after  surgery.  In  addi-
ion,  one  child  with  a  left  frontal  resection  had  signiﬁcantly
egative  SRB  scores  at  all  three  post-surgical  assessments,
nd  three  children  with  right-sided  surgery  (two  temporal
nd  one  frontal)  had  signiﬁcantly  negative  SRB  scores  at
he  last  assessment.  These  three  patients  with  right-sided
urgery  showed  a  decrease  in  test  scores  between  the  sec-
nd  and  third  post-surgical  assessment,  after  initial  gains
onsistent  with  pre-surgical  performance.
RB  analysis  and  control  sample
ow  should  negative  SRB  scores  in  the  current  study  be  inter-
reted?  Evidence  for  downright  deterioration  of  function
as  infrequent.  Rather,  in  most  of  these  children  raw  scores
mproved  less  than  expected  when  taking  into  account  the
hildren’s  pre-surgical  test  scores  as  well  as  change  due
o  development  and  repeated  testing.  Hence,  the  vulner-
bility  of  verbal  memory  in  some  patients  probably  does
ot  signal  an  abrupt  change,  but  instead  suggests  slower
evelopment.  The  only  previous  study  in  children  apply-
ng  an  empirically  based  method  to  assess  change  in  verbal
emory  (Lendt  et  al.,  1999)  used  a  control  group  con-
isting  of  non-surgical  epilepsy  patients  and  —  since  they
ound  no  practice  effects  in  these  controls  —  did  not  specif-
cally  account  for  practice  effects.  It  is  often  argued  that  in
pilepsy  surgery  populations,  practice  effects  —  or  effects  of
epeated  testing  generally  —  can  be  expected  to  be  minor
nd  unlikely  to  inﬂuence  conclusions  (Mabbott  and  Smith,
003;  Jambaqué  et  al.,  2007).  The  present  study  shows
hat  many  epilepsy  surgery  patients  show  repeated  test-
ng  effects  equal  to  healthy  controls  with  a  similar  level  of
unctioning.
Linking  performance  in  epilepsy  surgery  patients  to  nor-
al  development  yields  a  good  estimate  of  the  degree
o  which  normed  scores  change  after  surgery.  However,
t  should  certainly  not  be  taken  as  an  estimate  of  neg-
tive  effects  of  surgery,  since  without  surgery,  negative
hanges  are  known  to  result  from  the  interference  of
eizures,  anti-epileptic  medication  and  underlying  etiol-
gy  with  cognition  (Berg  et  al.,  2012;  Loring  et  al.,
007).
Group-wise,  the  healthy  peers  performed  signiﬁcantly
etter  than  the  patients  on  many  variables,  both  before  and
fter  surgery.  However,  there  was  considerable  intra-group
ariation  for  controls  as  well  as  for  patients,  and  consider-
ble  overlap  in  performance  between  the  groups,  so  that  at
aseline  only  ﬁve  out  of  21  patients  performed  worse  than
he  poorest  scoring  control.  Since  baseline  performance  was
lways  included  as  a  predictor  in  the  SRB  equation,  score
hanges  in  a  patient  with  a baseline  VMI  of  80  were  com-
ared  with  score  changes  as  predicted  for  controls  with
 baseline  VMI  of  80,  rather  than  with  the  average  score
hange  in  controls.  Yet  for  the  ﬁve  patients  with  the  poo-
est  performance  this  comparison  requires  extrapolation  of
he  regression  equation,  increasing  uncertainty,  and  partic-
lar  care  should  therefore  be  taken  in  interpreting  their
RB  results.  However,  our  results  did  not  change  when  these
atients  were  excluded  from  analysis.
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imitations  and  strengths
n  addition  to  the  limitations  imposed  by  the  impracticability
f  a  randomized  controlled  trial,  the  present  study  is  limited
y  a  rather  small  sample  size  and  heterogeneity  of  etiology,
hich  hampered  drawing  conclusions  about  subgroups.  Many
actors  are  known  to  be  associated  with  poorer  or  better
ognitive  outcome  after  epilepsy  surgery  (van  Schooneveld
nd  Braun,  2013),  and  the  present  study  does  not  even  begin
o  account  for  these.  Statistical  analysis  of  differences  in
utcome  between  children  with  tumors  and  those  with  other
athologies,  for  example,  was  not  realistic.  Etiology-related
ropensities,  however,  were  not  apparent:  notwithstanding
he  etiology,  left  temporal  resection  was  associated  with
ecreases  in  ‘true’  normed  verbal  memory  scores.
Reliable  anatomical  (e.g.,  volume)  or  functional  (e.g.,
MRI)  measures  of  the  integrity  of  the  ipsilateral  and  con-
ralateral  hippocampus  were  unfortunately  not  available,
recluding  proper  analysis  of  the  role  of  the  hippocam-
us  in  memory  function  in  the  current  cohort  (Chelune,
995;  Dulay  and  Busch,  2012).  The  lack  of  a  signiﬁcant
ssociation  between  pre-surgical  function  and  post-surgical
ourse  may  appear  to  suggest  that  hippocampal  adequacy  is
ess  important  in  children  than  in  adults.  However,  similar
normed)  pre-surgical  function  may  refer  to  very  differ-
nt  levels  of  performance  in  children  of  different  ages,
o  such  a  conclusion  would  certainly  be  premature.  The
imited  sample  size  did  not  allow  exploration  of  these
ssues.
Since  all  but  one  of  the  patients  with  temporal  resections
ad  anterior  temporal  resections  including  amygdalohip-
ocampectomy  (and  laesionectomy  where  applicable),  we
ere  unfortunately  unable  to  compare  results  between
ifferent  surgical  approaches.  Similarly,  the  inﬂuence  of  fac-
ors  such  as  language  lateralization  and  mood  could  not  be
ssessed,  but  associations  with  other  variables  were  ana-
yzed.  We  found  neither  effects  of  age  at  epilepsy  onset,  nor
f  age  at  surgery  or  of  gender,  which  have  previously  been
eported  in  adults  (Dulay  and  Busch,  2012).  This  may  be  due
o  small  size  and  heterogeneity  of  the  sample,  but  may  also
ave  to  do  with  differences  between  children  and  adults.
lthough  the  difference  between  completely  seizure-free
hildren  and  those  with  seizure  recurrence  at  any  point  in
he  two  years  after  surgery  was  not  signiﬁcant,  our  data  do
uggest  that  children  whose  medication  can  be  discontinued
fter  surgery  do  better  than  those  who  require  continued
se  of  AEDs.  This  is  in  line  with  the  adult  data  from  Langﬁtt
t  al.  (2007),  which  suggest  that  patients  with  poor  seizure
utcome  are  somewhat  more  likely  to  have  poor  memory
utcome  as  well.  It  was  the  more  precise  assessment  of  indi-
idual  change  offered  by  empirically  based  SRB  analysis  that
llowed  us  to  highlight  the  vulnerability  of  these  patients.
n  addition,  as  discussed  earlier,  the  present  study  demon-
trates  only  that  verbal  memory  is  vulnerable  in  patients
ith  left  temporal  resections,  not  that  this  vulnerability  is
ue  to  the  particular  kind  of  surgery.
On  the  other  hand,  the  consecutive  countrywide  inclu-
ion  does  provide  a  representative  —  if  indeed  diverse
 cohort  of  childhood  epilepsy  surgery  patients.  The  sys-
ematic  follow-up  and  the  matched  control  sample  also
iminished  the  potential  for  bias,  and  allowed  us  to  assess
ndividual  change  over  time  through  the  application  of  SRB
nalysis.
CJ.  Meekes  et  al.
onclusion
fter  epilepsy  surgery,  parents  and  teachers  are  in  urgent
eed  of  information  on  what  to  expect  from  the  child  in
erms  of  memory.  Our  analyses  revealed  that  in  the  ﬁrst
wo  years  after  epilepsy  surgery,  change  in  memory  for  ver-
al  information  is  consistent  with  pre-surgical  performance
n  many  children.  Both  deterioration  and  catching  up  are
are,  but  verbal  memory  remains  particularly  vulnerable  in
atients  with  left  temporal  surgery.
Before  surgery,  the  hope  of  seizure  freedom  is  —  rightly
 the  impetus  for  surgery.  The  results  of  the  present  study
o  not  counsel  against  attempting  to  stop  seizures  through
urgery.  Yet,  after  surgery,  especially  when  seizure  freedom
as  been  achieved,  social  and  cognitive  consequences  of
urgery  become  more  important.  Our  results  suggest  coun-
eling  parents  and  patients  to  have  modest  expectations  of
erbal  memory  after  left  temporal  surgery.
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